Abstract Sugar beet pulp is an abundant, renewable and low-cost precursor for production of activated carbon. In the present study, sugar beet pulp based activated carbon was prepared by using phosphoric acid as activating agent for adsorption of methylene blue. The conditions of preparation process had a significant influence on the adsorption of methylene blue, and the optimal preparation conditions were obtained as follows: liquid-to-solid ratio of 5, temperature of 450°C and phosphoric acid concentration of 3 mol/L. The properties of sugar beet pulp based activated carbon were characterized by nitrogen adsorption isotherm. The adsorption increases as the increase of contact time, adsorption temperature and pH, and initial concentration of methylene blue. Batch kinetic studies showed that an equilibrium time of 100 min was needed for the adsorption, and the adsorbance of methylene blue is 244.76 mg/g at equilibration. Kinetic models, Weber's pore diffusion model and Boyd's equation were applied to the experimental data to study the mechanism of adsorption and the controlled step. The results showed that the adsorption kinetics followed the pseudosecond-order type kinetic model, intraparticle diffusion was not the rate-limiting mechanism and adsorption process was controlled by film diffusion.
Introduction
Dyes are widely used in the industries of dyestuffs, paper, plastics, textile, leather, cosmetics and food, which generate appreciable amount of wastewater. However, dyes have been considered harmful organic compounds for environment, and most of the residual dyes are resistant to biodegradation processes and toxic, which caused water unfit (Kaur et al. 2015) . Several methods involved biological, physical, chemical and associated technologies have been reported for dyes removal. Among the numerous techniques, adsorption is the procedure of choice and gives the best results as it can be used to remove different types of dyes, simultaneously. Currently, adsorption by activated carbon (AC) has been considered to be the most widely used and effective physical method (Alkhatib et al. 2015; Kaur et al. 2015; Thitame and Shukla 2016) .
Commercial AC usually generated from non-renewable materials, which destroy environment and increase the running costs (Arulkumar et al. 2011) . Therefore, various abundance, renewability, cost-effectiveness and ecofriendly materials have been attracting interests of researchers. In recent years, agricultural wastes have been employed to prepare AC, such as the sugar beet pulp (Dursun et al. 2013; Ma et al. 2014 ) and corn wastes (Abdel-Ghani et al. 2015) . From the literature, it is clear that the starting material significantly influences physical and chemical properties of AC and adsorption property as a result.
Sugar beet, which is the by-product of sucrose production, was low commercial value but only for animal feed (Li et al. 2013) . Sugar beet pulp has a respectable content of cellulose, hemicellulose and lignin, which was suitable for preparation of AC. To our knowledge, some researchers have used sugar beet pulp as starting material to prepare AC and investigated their adsorption properties (Ozer and Tumen 2003; Samadi et al. 2009; Demiral and Gündüzoglu 2010; Dursun et al. 2013) , and few literatures focused on the separation of dyes, but only for heavy metal removal.
The objective of the present study is to prepare sugar beet pulp based activated carbon (SBPAC) and employ the resulted AC for removal of methylene blue (MB) from aqueous solutions. In order to obtain the optimal preparation conditions, effects of independent variables on the MB adsorption were studied. Batch adsorption experiments were carried out to evaluate the adsorption processes in a wide range of operating conditions. In addition, the adsorption kinetics and adsorption mechanism were made deep analysis.
Materials and methods

Materials
Sugar beet pulp was obtained from LüYuan Sugar Industry Co., Ltd. (Hejing, Xinjiang Uygur Autonomous Region, China). The pulp was crushed and separated by 40-mesh screen. The H 3 PO 4 and other reagents were of analytical grade without further treatment.
AC preparation
The powder of sugar beet pulp was infused by H 3 PO 4 of different concentrations (1, 2, 3, 4 and 5 mol/L) with different liquid-to-solid ratios (LSR, 2, 3.5, 5, 6.5 and 8) for 5 h at room temperature. The carbonization impregnation step was carried out at temperature of 110°C for 12 h. The obtained products were activated under the same condition as carbonization but at different temperatures (350, 400, 450, 500 and 500°C) , after the corresponding temperature reached, the activation held for time of 0.5, 1, 1.5, 2 and 2.5 h. Then, the final product was cooled to room temperature and washed with hot deionized water until the pH of the washing solution reached 7. The pore structure of SBPAC was determined by nitrogen adsorption isotherm at 77 K using BET equation. The surface functional groups were detected on an AVATAR 360 Fourier transform spectrometer with a scanning range of 4000-500 cm Effect of independent variables on the adsorbance and yield of SBPAC After the treatment by hot deionized water, the samples were heated to a constant weight, and the yield was calculated.
In order to study the effects of factors on the adsorption of MB, 0.2 g samples were added into each flask, which contained 150 mL MB solution with concentration of 400 mg/L, and then, the flasks were placed in a water bath shaker with a constant speed of 200 rpm, until adsorption equilibrium was obtained.
Equilibrium studies
Equilibrium studies were carried out at temperature of 20°C in a set of conical beaker (250 mL) with different initial MB concentrations. 0.2 g of SBPAC was added into each flask, which contained MB solution with the initial pH value of 8. Then, the flasks were placed in a water bath shaker with a constant speed of 200 rpm. The processes were over after 3 h of adsorption, the obtained solutions were centrifugalized to gain the final MB solution and the final concentration of MB was measured by a UV-Vis spectrophotometer. The amount of MB adsorbed at equilibrium, q e (mg/g) was obtained as follows:
where C 0 and C e are the initial and final concentration of MB solution, respectively; V is the volume of solution; and the W is the weight of SBPAC added into the flasks. In order to study the effect of initial pH on the adsorption of MB, the studies were carried out at temperature of 20°C for 4 h, and the initial pH on the adsorption of MB was taken by adjusting pH value of solution with 0.1 M NaOH and HCl solution.
The effect of contact time and initial concentration on the adsorption of MB was also studied as the significance influence of MB adsorption. In total, 150 mL of MB solution with initial concentration of 300, 400, 500 and 600 mg/L was prepared, and 0.2 g of SBPAC was added into each flask, which then placed in a water bath shaker with a constant speed of 200 rpm at temperature of 20°C, until equilibrium point was reached. All the initial pH value of solution was 8 adjusted by 0.1 M NaOH and HCl solution and without any adjustment in adsorption process.
In order to obtain the effect of temperature on adsorption of MB, experiments were carried out at temperature of 10, 20, 30, 40 and 50°C, and other operating parameters were kept constant.
Kinetic studies
For the studies of kinetics, same processes were developed, but the samples were taken at preset time interval. The amount of MB adsorbed at different time, q t (mg/g), was obtained as follows:
where C t is the concentration of MB at corresponding time, t (min).
The pseudo-first-order (Langergren and Svenska 1898) and pseudo-second-order equations (Ho and McKay 1998) were considered for adsorption kinetics in present study. The kinetics equation was defined as:
where q e (mg/g) and q t (mg/g) stand for the amounts of adsorbate adsorbed at equilibrium and at t time, respectively; k 1 (mg/g h) and k 2 (mg/g h) represent the adsorption rate constant of pseudo-first-order and pseudo-secondorder equation, respectively. The kinetic results were further analyzed by using the intraparticle diffusion model (Eq. 5):
where k, the rate parameter of different stages, is obtained from the slope of the straight line of q t versus t 1/2 . C i represents the boundary-layer effect.
In general, the adsorption mechanism of adsorption of the adsorbate molecules on the interior of the porous adsorbent is assumed to be very fast and can be considered negligible. In order to distinguish the mechanism of film and particle diffusion, Boyd's model (Eq. 6) was employed to analyze the kinetic results.
Results and discussion
Effects of independent variables on yield and adsorption of MB
In order to find the best preparation condition for MB adsorption, four independent variables, including LSR, temperature and time of activation and concentration of H 3 PO 4 , were chosen from published data (Liu et al. 2010) , and the results are listed in Fig. 1 . From Fig. 1a and d, it is clear that the yield was slightly influenced by LSR and concentration of H 3 PO 4 , and all the value of yield ranges from 33.27 % to 41.86 %. A significant decreasing trend of yield is shown in Fig. 1b and c, and the range was between 10.41 % and 47.83 %, because the fierce reaction at hightemperature level resulted in a greater weight loss of the carbon precursor. The variation range of results was larger than results published by Ma et al. (2014) who prepared SBPAC via microwave-induced KOH activation, and the main reasons for this complexion are the operation of vacuumizing and the choice of activation condition in the process. Similar results were obtained by Kılıç et al. (2012) who prepared AC from Euphorbia rigida by chemical activation with ZnCl 2 , K 2 CO 3 , NaOH and H 3 PO 4 . For screening out the relatively optimum condition of preparing SBPAC, adsorption properties of MB were studied. From Fig. 1 , it is visible that the capacity of MB firstly increased and then decreased as the increasing in LSR, activation temperature and time and concentration of H 3 PO 4 . Similar trends were shown by Ma et al. (2014) and Xiao et al. (2012) . But an ascendant trend and smooth trend were obtained by Tongpoothorn et al. (2011) and Wang et al. (2009) , respectively. With the increase in variables, the reactions become more intensive, which contribute to the development of internal microporous cavities, resulting in increasing surface area. The adsorption property of MB on SBPAC is better than that operated by Cherifi et al. (2013) .
Based on data of influences of four variables on the yield and adsorption property of MB, the relatively optimum condition for preparing SBPAC was chosen as follows: LSR of 5, activation temperature of 450°C, activation time of 60 min and the concentration of H 3 PO 4 of 3 M. SBPAC was prepared under the above-mentioned conditions for the equilibrium and kinetics studies.
Characterization
The nitrogen adsorption-desorption curve is demonstrated in Fig. 2 . As shown in Fig. 2 , the adsorption isotherm curve was similar to a mixed type in the IUPAC classification, which was type I at low pressure and type IV at intermediate and high P/P 0 . In the low-pressure stage, they are significant N 2 uptake and characterize microporous materials. Then, an open keen presents, an inconspicuous plateau appears and a certain slope can be observed in the next part. The fact indicates that the microporosity translates to mesoporosity. Otherwise, a desorption hysteresis loop in the mesopores is presented due to adsorbate condensation. All the phenomena show a good agreement with the known data (Puziy et al. 2002; Kennedy et al. 2007; Tongpoothorn et al. 2011) . Meanwhile, the porous structure parameters of the SBPAC are illustrated in Table 1 The FTIR spectra of SBPAC are shown in Fig. 3 . The peak at 3447.47 cm -1 is characteristic of the stretching vibration of hydrogen bonded to the -OH groups (Yang et al. 2010) . The signal at 2349.24 cm -1 was assigned to the C:C (alkynes) (Zhong et al. 2012) . The bands between 1637.47 and 1408.86 cm -1 are assigned to the carbonyl group (Saka 2012) . The band around 1044.88 cm -1 was assigned to C=O functional groups of anhydrides (Zhong et al. 2012) . The FTIR analysis revealed the presence of many surface functional groups such as hydroxyl groups and carbonyl group. Equilibrium studies Figure 4 shows the equilibrium adsorption studies under different conditions. From Fig. 4a , the effect of initial pH on the adsorption of MB was exhibited, and the increasing trend was obtained as the pH increases, the maximum adsorbance was obtained in pH of 8, and then a flat appeared. It was caused by the positive charge in the surface of SBPAC, which prevents the adsorption of MB in acid medium, and the polarity of SBPAC changed by forming double layers when pH of the solution become neutral or alkalescence (Hameed and El-Khaiary 2008; Liao et al. 2011) . Figure 4b shows the influence of temperature on MB adsorption uptake, and the adsorption uptake increased as the temperature increases from 10 o C to 50°C. This phenomenon may be caused by the fact that the adsorption reaction is an endothermic process, higher temperature promotes the MB to penetrate inside the sample pores, otherwise shrewd chemical interaction occurred between adsorbate and surface functional group of adsorbent Ahmad and Rahman 2011) .
As shown in Fig. 4c , effect of contact time and initial concentration on the adsorption of MB was shown. It can be seen that the adsorption is rapid at the initial stage of adsorption, which was due to the fact that abundant surface sites exist for MB adsorption. With the passage of contact time, adsorption site sharply decreased which caused difficulty occurring in the adsorption process, and it must take a long time to reach equilibrium (Mohd Din et al. 2009 ). The adsorption uptakes at equilibrium increase from 190.22 mg/g to 250.01 mg/g as the initial concentration increases from 300 mg/g to 600 mg/g. It is obvious that the initial 4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers(cm concentration can afford significant driving force to overcome the mass transfer resistance between the aqueous and solid phases ).
Compared with the work which used sugar beet pulp as sorbent (Vučurović et al. 2012) , SBPAC showed a weaker adsorbance and this may be caused by the existing of functional group in precursor. Similar results were obtained from contrast of various agro-industrial waste materials and resulted AC (Table 2) .
Adsorption kinetics
Pseudo-first-order and pseudo-second-order models have been proposed to predict the mechanism that MB may be adsorbed on SBPAC. The adsorption data were fitted using the plots of ln(q e -q t ) against t for pseudo-firstorder model and t/q t versus t for pseudo-second-order model ( Fig. 5; Table 3 ). From the fitting process, pseudosecond-order model shows a good agreement with experimental data and all the correlation coefficient are [0.99. Same result was obtained by Ahmad and Rahman (2011) .
Adsorption mechanism
The kinetic results were further analyzed by using intraparticle diffusion model and Boyd's model. As shown in Fig. 6a , three adsorption stages of MB are observed. Due to the intense electrostatic attraction between MB and SBPAC, the first stage is an effectively adsorption. Then, a gradual adsorption is present in the second stage, which caused by intraparticle diffusion of MB molecules through the pores of SBPAC. The third stage was the final equilibrium stage as the intraparticle diffusion started to slow down, which is attributed to the high initial MB concentration . In addition, the plots were not linear during the time range, which indicated that intraparticle diffusion was not the only rate-limiting mechanism in the adsorption process. Figure 6b illustrates the Boyd's plots for adsorption of MB on SBPAC. All the lines for different initial concentrations did not pass through the origin, and the models do not show a good agreement with experimental data, which suggest that the adsorption process is controlled by film diffusion. 
Conclusion
SBPAC was prepared from sugar beet pulp using phosphoric acid as an activating agent for adsorption of MB and was found to be suitable to remove MB. Preparation condition was found to significantly influence adsorption of MB, and the adsorbance of MB was reached to maximum at the following independent conditions: LSR of 5, temperature of 450°C, time of 60 min and phosphoric acid concentration of 3 mol/L. The properties of SBPAC, including BET surface area, micropore surface area, external surface area, Langmuir surface area, total pore volume, micropore volume and average pore size, were characterized by nitrogen adsorption isotherm, and the values were 1029.31 m 2 /g, 629.30 m 2 /g, 290.03 m 2 /g, 1391.46 m 2 /g, 0.445 cm 3 /g, 0.329 cm 3 /g and 23.93 Å , respectively. The adsorption of MB increases with the increase in contact time, adsorption temperature and pH and initial concentration of MB. The adsorption kinetics indicated that pseudo-second-order kinetic model fits well with the experimental data. From the future analysis of kinetic data by Boyd's model, adsorption of MB on SBPAC took place by film diffusion mechanism. 
